Peningkatan calibration measurement capability (CMC) 
A. INTRODUCTION
Psychrometer is one of hygrometers which measures relative humidity in the air based on its temperature sensors called dry and wet bulb thermometers. Dry bulb thermometer is a thermometer measuring the air temperature while wet bulb thermometer is a thermometer, normally covered by cutton wick deemed into pure water, measuring wet bulb temperature, i.e. the temperature which the air assumes when water is introduced gradually by infinitesimal amounts at the current temperature and evaporated into the air by anadiabatic process at constant pressure until saturation is reached (Rotronic, 2005) . For industrial purposes, dry and wet bulb thermometers are made from liquid in glass thermometer.
The CMC provided by Research Center for Metrology LIPI for psychrometer calibration is 5% rh. This value is coming from the result of peer review in 2014 due to achieving secure uncertainty for former calibration systems which were using climatic chamber as the media and liquid in glass thermomers as the sensors. On the other hand, some authors stated that uncertainty requirements for calibration of such psychrometers are typically around 1-2% rh, close to the best calibration and measurement uncertainties claimed by national metrology institutes (NMIs) (Kentved, Heinonen, & Hudoklin, 2012) . Hence, the existing CMC should be improved.
First step to improve the CMC is to have better knowledge about psychrometer it self. Therefore, in 2015, Research Center for Metrology LIPI (RCM-LIPI) built a psychrom-eter where dry and wet thermometers are made from Pt-100 to assure more stability and accuracy compare to liquid in glas thermometers. The characterization has been conducted and was successfully reported in IMEKO 2015 (Purwowibowo, Tistomo, & Soleh, 2015) .
A method for calibrating psychrometers gives important role in the uncertainty analysis, as long as authors know that there are three ways to calibrate psychrometers. First, the calibration process yields relative humidity correction values where the psychrometer coefficient A is already given (Kentved et al., 2012) . The drawback of this method is that if the applied psychrometer coefficient A does not match the characteristic of the calibrated psychrometer, then it will result in big correction values. Secondly, the calibration process produce psychrometer coefficient and its uncertainty (A± U A ) (Li & Kiat, 2008) . The second method is very simple because the psychrometer coefficient A is measured only at ambient temperature and relative humidity, 55% rh at 23°C. However, in demand for high accuracy, only one point used to determine the psychrometer coefficient A is not enough as there is wet temperature dependancy which will be discussed later. Thirdly, the calibration process yields psychrometer coefficient A as for the characterization of the calibrated psychormeter then use it to determine relative humidity correction values (de Barros Neiva, dos Reis, & Sanches, 2006) . The latest method is in accordance with our report where psychrometer coefficient is the property belong to individual psychrometer that may different from one psychrometer to another and mostly affected by air flow. Moreover, two international standards give different range for the psychrometer coefficient (JIS Z 8806:2001 (JIS Z 8806: , 2001 ASTM, 2015) . Unfortunately, this method needs much time and effort. Therefore, this paper describes an uncertainty analysis for a hand made psychrometer following the second method but using more selected set points over the calibration range on determining the psychrometer coefficient A in order to improve our CMC.
B. THEORITICAL BACKGROUND

Psychrometer Equation
The mechanism for measuring humidity by a psychrometer is as follows. The dry bulb thermometer simply measures the air temperature while the wet bulb thermometer is covered by a cotton wick and is wetted by pure water. Due to evaporation of the water in the cotton wick, the temperature of the wet bulb is lower than that of the dry bulb. The difference in temperature between the dry and wet bulb depends on the wind velocity of the air contacting the temperature sensing portion of the wet bulb thermometer, but does not depend on the wind velocity at wind velocities of a certain value or higher. This limit of wind velocity is termed the minimum necessary wind velocity. The minimum necessary wind velocity is in order of 0.2 to 5 m/s by reason of the construction of the psychrometer (JIS Z 8806:2001 (JIS Z 8806: , 2001 ).
Two governing equations of a psychrometer are Apjohn equation (ASHRAE, 1993 (ASHRAE, , 1994 and Ferrel equation (Ferrel, 1886; ASTM, 2015) . The Apjohn equation considers the psychrometer coefficient as a constant and is written as in equation
where A is the psychrometer coefficient in °C -1 , P is the atmospheric pressure in Pa, t d is the air temperature in °C, t w is the wet temperature in °C, e(t d ) is the water vapor pressure of the air at dry temperature in Pa and e(t w ) is the water vapor pressure at wet temperature in Pa. The water vapor pressure at any temperature is calculated
where e s (t) and f(t, P) are the saturation water vapor and enhancement factor. Both of them can be calculated by several formulations, such as Wexler equation, Sonntag equation, Hardy equation, etc. (Nielsen, Lovell-Smith, de Groot, & Bell, 2016) . In this work, we choose Hardy equation which is almost identical to Sonntag equation (Dwisetyo, Yayienda, Amalia, Tistomo, & Purwowibowo, 2015) . where b is a constant.
From the previous work (Mushoddiqoh, Fajria, Agmal, Tistomo, & Soleh, 2015) , it was found that Ferrel equation gives more accurate results than Apjohn equation yielding standard error estimate of interpolation 1.3% rh with rectangular distribution. Thus, this equation is used in this work.
Uncertainty Analysis
The uncertainty analysis is based on equation [3] . The uncertainty components are picked from the standard used, the psychrometer, and the chamber used as media calibration. The chamber uncertainty called temperature inhomogeneity influences the chamber temperature thus this uncertainty is added into chamber temperature uncertainty.
a. Uncertainty from The Standard Used
The left hand side, which relative humidity obtained from the standard used, is calculated from dew point temperature and chamber temperature following equation [4] (Hardy & Mutter, 1998) where e(t dew ) and e(t c ) is water vapor pressure at dew point temperature and chamber temperature, respectively and in unit of Pa. Therefore, the relative humidity uncertainty given by the standard used is affected by dew point and chamber temperature measurements.
The relative humidity uncertainty for the standard used due to dew point temperature can be determined using equation [5] where u(t dew ) is the standard uncertainty of dew point temperature measurements including measurement uncertainty, resolution, and drift. where u(t c ) is the standard uncertainty of chamber temperature measurements including measurement uncertainty, resolution, drift, self heating, and chamber inhomogeneity.
b. Uncertainty from the Psychrometer
The first component is coming from the determination of psychrometer coefficient A through interpolation. It has been discussed before giving u(RH:A) = 1.3% rh.
Dry and wet bulb temperature uncertainties are also contributed to the uncertainty analysis. The equation to estimate the relative humidity uncertainty due to these sensors is expressed below ( )
where u(t w ) and u(t d ) are the standard uncertainty of wet and bulb temperatures respectively, including measurement uncertainty, drift, resolution, and self heating.
The latest uncertainty components is the pressure uncertainty u(P). Its contribution is calculated through equation [11] . C. EXPERIMENTAL METHOD
Determining Psychrometer Coefficient A
To find the psychrometer coefficent A, the psychrometer was put inside the chamber of humidity generator 2500 made by thunder scientific. The humidity generator had smaller chamber volume than our climatic chamber, therefore the temperature inhomogeneity can be improved largerly. The outputs from the generator were set to be 50% rh at 23°C, 15% rh at 25°C, 50% rh at 25°C, 90% rh at 25°C, 15% rh at 45°C, 50% rh at 45°C, 90% rh at 45°C, 15% rh at 65°C, 50% rh at 65°C, and 90% rh at 65°C.
The calibration point, 23°C and 50% rh, was used to set the psycrometer at the room condition. The chamber temperature was measured by the integrated RTD of the generator and an additional Pt-100. Both of them had already been calibrated with expanded uncertainty 0.03°C at 95% of convidence level at temperature range of 0°C to 70°C. The exact relative humidity inside the chamber was obtained by the chamber temperature and the chamber dew point temperature measured by chilled mirror 373-LHX manufactured by RH Systems having expanded uncertainty 1.1°C. The resistance value of dry and wet PRTs was measured by indicator Chub-E4 made by Hart Scientific. To convert the resistance into degree of Celsius, both of them were calibrated by comparison method against our Platinum Resistance Thermometer Pt-25 in a liquid bath resulting expanded uncertainty 0.03°C at 95% of convidence level at temperature range of 0°C to 70°C. The fan was given 12 volt of voltage by a voltage regulator.
Reasons of using The Second Method with More Set Points of Measurements
From the previous work, it is known that psychrometer coefficient A depends not only on the air flow rate but also the operating temperature, as it can be seen in Figure 1 . Therefore, the best method to obtain psychrometer coefficient A is using least square method where its standard error estimate (SEE) becomes one of the uncertainty components in the uncertainty budget.
To do so, it is impossible to use only single value of set point. Moreover, SEE is type A of uncertainty, thus its degree of freedom depends on the number of measurements.
D. RESULT AND DISCUSSION
To have the relative humidity uncertainty calculated from the standard used, uncertainty due to dew point and chamber temperature measurements should be known and are estimated to be 0.06°C and 0.06°C, respectively. Table 1 shows the uncertainty components supporting these values.
The uncertainty components from dry and wet bulb temperatures are identical and showed in Table 2 . The last quantity affecting relative humidity measurements done by the calibrated psychrometer is the chamber pressure. The uncertainty components due to pressure measurements are showed in Table 3 .
Having the uncertainty of individual quaintity, the relative humidity uncertainty of the calibrated psychrometer can now be evaluated according to equation [12] . Table 4 shows all the individual uncertainty equivalent (% rh).
In Table 4 , there is no value for set point 90% rh at 65°C because at this set point, the dew point measured by the chilled mirror was never in stable state. The hypothesis for this situation is that there is a leak coming from the water reservoir due to psychrometer design (Figure 2 ). The water reservoir tank is not well enough to isolate the water to be sucked by the fan. Therefore, the water vapor produced by evaporation is not only from the wick but also some amount of water from the reservoir which affects significantly dew point temperature inside the chamber, resulting unstability of the dew point temperature.
Also from Table 4 , it is clearly stated that the biggest expanded uncertainty U value is 1.8% rh which is much less than our current CMC, 5% rh. Therefore, based on this result RCM LIPI has opportunity to submit the new CMC to the Committee of Acreditation (KAN) on next peer review.
Moreover, there is a trend where at the same temperature, the relative humidity uncertainty will be maximum at the highest humidity. This result is in accordance with our previous work about study on humidity inhomogeneity of a climatic chamber (Tistomo & Achmadi, 2013) . In addition, the difference of uncertainty at each set point shows that at different temperature the humidity is not the same although the relative humidity is the same. This is very important knowledge because many people do not understand about it. Therefore, it is necessary to mention the operating temperature when psychrometers or other hygrometers are calibrated.
As the National Metrology Institute (NMI), all measurements conducted by RCM LIPI should also be recognized by other countries through submitting the CMC to Appendix C BIPM. Since CMC's claim is larger than the flagging criteria showed in Table 5 ( BIPM, 2016) , the CMC submission process is expected to follow a fast track procedure without further scrutiny.
E. CONCLUSION
RCM LIPI has successfully improved the CMC for psychrometer calibration from 5-1.8% rh through a homemade and self designed psychrometer covering relative humidity 15-90% rh at temperature range 23-65°C.
With this new CMC, many calibration laboraries and industries can be served better, particularly those who need high accuracy measurements at high relative humidity and at high temperature, for example above 50°C, because there are not so many standards that can be used at this point.
One thing that can be done to further improve CMC is to reduce the interpolation uncertainty. There are three ways to do that. Firstly, the dry and wet bulb temperature sensors are replaced by very good quality RTDs (Pt-100). Secondly, the deviation of the psycrometer coefficient is corrected by applying a specific algorithm to the psychrometer equation through data acquisition process. Thirdly, using Monte Carlo method to estimate the uncertainty. All of the methods are planned and will be conducted soon.
